considered secondary to pulmonary disease, in 1 to a combination of hepatic and respiratory failure, and in 2 to ischaemic heart disease; 3 patients were thought to have rheumatic valvular disease, and 3 (including one of the rheumatic cases) bacterial endocarditis, 1 congenital heart disease, and 3 "senile" heart failure. Nineteen patients were in cardiac failure on their terminal admission, with atrial fibrillation in 5 patients. None had been hypertensive. Electrocardiograms in 14 patients showed no constant abnormalities. Apart from one (Case 34), who had a large recent infarct, ischaemic changes were reported in 3 patients, only one of whom had complained of angina.
Systolic murmurs had been present in 24 patients; these too had no constant features; descriptions ranged from short apical to loud pansystolic with thrill. The presence of murmurs was not assessable in 7 patients whose heart sounds were either obscured by pulmonary adventitious sounds or were too faint. In 4 patients, heart sounds had been recorded as normal. The murmurs had been attributed to rheumatic heart disease in 3 patients; Cases 25 and 31 had histories of attacks of rheumatic fever, and the rheumatic aetiology in Case 23 was suggested by a radiological finding of calcification in the mitral area (later shown to be in the valve ring). Case 2, a woman aged 51, with longstanding kyphoscoliosis, was thought to have tricuspid incompetence due to right ventricular dilatation, and Case 26, a woman aged 98, was considered to have mitral ring calcification.
Mitral incompetence of undetermined aetiology had been diagnosed in Cases 11, 19, and 35 . One patient (Case 5), whose murmur had first been noted 20 years previously, had been labelled "functional", and another (Case 31) , also known to have had a murmur since army medical examination 25 years before death, was considered to have congenital heart disease.
Only 2 patients had past histories of rheumatic or scarlet fever (and neither showed evidence of old carditis at necropsy). Cases 7 and 18 had pulmonary tuberculosis and pneumonia, Case 29 had been gassed in the 1914-1918 war, and 6 others were chronic bronchitics.
Family history was non-contributory in most instances. Parents or sibs of 3 patients had died of heart disease, but the nature of this was not ascertained. PATHOLOGY The hearts were mainly of normal size, weights ranging from 220-710 g., average 366 g. In 23 cases, both cusps of the mitral valve were voluminous, opaque, and thickened, resembling a parachute. This ballooning deformity tended to be tnore conspicuous in the posterior cusp, which was often of larger area than the anterior. In 11 cases only the posterior cusp was macroscopically affected. Similar but less well marked changes were seen in one or more of the tricuspid valve cusps in 9 patients. Microscopically the affected cusps showed replacement of the fibrosa by a loose metachromatically staining myxomatous tissue with fibro-elastic thickening of the surrounding endocardium (Fig. 1) . Both these changes were present in variable degrees in all the affected valves, but the basic abnormality appeared to be the fibrosal degeneration. Loss of this normally dense collagenous supporting structure would clearly allow stretching of the cusp by normal variations in intraventricular pressures, and would result in the characteristic voluminous ballooned leaflets. The accompanying fibro-elastic proliferation was of the non-specific type associated with various haemodynamic stimuli (McMillan and Lev, 1959; Pomerance, 1967) and presumably provoked by the stretching process.
Superficial fibrinous "endocarditis" was seen in 10 patients (Fig. 2) . The lesions consisted of foci of amorphous eosinophilic material, staining as fibrin, either in the atrialis, or adherent to atrial endocardium. Red blood cells were often present in the deeper lesions but no inflammatory reaction was seen. Bacterial endocarditis was present in 2 patients, both dying of systemic emboli. The infecting organism in Case 3 was Staph. pyogenes, and in Case 32 (Fig. 3) Case 23, a man of 58 with two years of progressive cardiac failure and a loud systolic murmur over the whole praecordium, conducted to axilla. Calcification in the mitral area was seen on screening, and a diagnosis of rheumatic mitral disease was made. He was a longstanding epileptic and chronic bronchitic, and drank 15 pints of Guinness daily. Death was due to combined cardiac and hepatic failure.
DISCUSSION
There is no doubt about the identity of cases where affected cusps were examined pathologically, and it is difficult to envisage any process other than softening of cusp fibrosa which could produce a ballooning, billowing, or prolapsing appearance on cine-angiography. Stannard et al. (1967) also believed the anatomical deformity to be enlargement of cusps; this was confirmed in the only patient who subsequently came to necropsy (Barlow et al., 1968) .
Review of clinical findings in the present series showed no constant features which might assist detection of the ballooning deformity. Until recently the condition was not recognized as a clinical problem, but Behar et al. (1967) and Linhart and Taylor (1966) suggest that it may not be uncommon. Behar et al. (1967) showed ballooning in 6 per cent of cardiac clinic patients. In this hospital some degree was found in 4-5 per cent of necropsies on elderly patients with systolic murmurs (Pomerance, 1968) . However, even knowing its comparatively high incidence, clinical differentiation between ballooning, ring calcification, and other less common causes of mitral incompetence was not possible. As in clinical reports (Behar et al., 1967) , murmurs had ranged from short apical to diffuse pansystolic with thrills. Neither intensity nor localization could be related to severity of abnormality; both patients with thrills had had severe ballooning of both mitral cusps, but equally severe changes were present in cases without thrills.
Though all had a severe degree of ballooning, only 19 cases were in failure and those without cardiac symptoms included 4 of 8 with gross left atrial dilatation or " jet" lesions. This finding, together with a high average age compared with the clinical series, confirms views (Linhart and Taylor, 1966; Stannard et al., 1967) The appearances in the cases of Marchand et al. (1966) were characteristic of mucoid degeneration; 5 of the 6 were men, as were both my cases.
The predisposition to bacterial endocarditis noted in clinical reports (Read et al., 1965; Read and Thal, 1966; Linhart and Taylor, 1966) was confirmed in our necropsy series, and pathological examination offered an explanation, since fibrinous "endocarditis" was seen in 10 cases. The endocardial damage appeared secondary to the underlying fibrosal changes. With transformation of this normally rigid plate into loose myxomatous tissue the cusp would be stretched by normal intraventricular pressure changes. Overlying endocardium would inevitably also be subjected to abrupt changes in tension, and resulting loss of endothelial continuity and rupture of subendothelial connective tissue fibres would invite the deposition of fibrin seen in these cases.
The pathogenesis of mucoid degeneration of heart valves is unknown. It seems unrelated to rheumatic fever or any particular past illnesses, and no histological evidence of past inflammation has been found. A similar change occurs in Marfan's syndrome (Goyette and Palmer, 1953; Shankar et al., 1967) , and Read et al. (1965) suggested that it might therefore be a "forme fruste". Most of their 9 patients or their families had some of the musculoskeletal stigmata, but few patients in other series have shown similar findings. Furthermore, these valve changes have also been reported in other congenital heart diseases and in normal infants (Shankar et al., 1967) , and small areas of similar metachromatically staining material are often seen in random post-mortem sections at all ages.
In some reported cases ballooning does seem genetically determined (Read et al., 1965; Stannard et al., 1967; Linart and Taylor, 1966, Barlow et al., 1968) , but these seem a minority. Marchand et al. (1966) (Pomerance and Whitney, 1969) is strikingly related to advanced age. Though a slight increase in the comparatively common localized areas of ballooning occurs in men (Pomerance, 1967) , no definite correlation with age was demonstrated in severe ballooning. The highest incidence was between 80 and 90 years, but in the 50-69 year groups it was greater than between 70-79 years. Furthermore, a third of cases diagnosed at operation or cine-angiography were under 30, and almost all were under 50 years.
It appears, therefore, that the small number of cases studied includes individuals providing evidence both supporting and contradicting any proposed pathogeneses, which suggests that there is no single cause of mucoid degeneration of valves. The most satisfactory explanation of currently available facts is that this is simply a tissue reaction, comparable to endocardial fibro-elastic thickening, and similarly the end result of many aetiological factors, including both congenital and ageing changes as well as a variety of diseases of intermediate ages.
SUMMARY
A severe ballooning deformity of the mitral valve was found in 1 per cent of necropsies over a sixyear period. The 35 cases (23 men, 12 women) were aged between 51 and 98 years. Clinical presentation had been varied, and only 19 cases had been in failure. Systolic murmurs, heard in twothirds of the patients, showed no diagnostic characteristics and were not related to severity of valvular deformity. Electrocardiograms were non-contributory. The pathological changes ranged from enlargement of the posterior cusp only, to involvement of the tricuspid valve as well as both mitral cusps. Microscopy showed replacement of cusp fibrosa by metachromatically staining loose myxomatous material, with fibro-elastic thickening of adjacent endocardium. Fibrinous "endocarditis " was common and appeared secondary to stretching of a fibrosa no longer able to resist intraventricular systolic pressures. Two cases were complicated by bacterial endocarditis and two by ruptured chordae tendineae without endocarditis, but though mitral incompetence (as evidenced by left atrial dilatation, "jet" lesions, or murmurs) was present in most cases, 16 patients had no symptoms related to their cardiac pathology.
The cases diagnosed clinically and at necropsy provided evidence both for and against all previously discussed pathogeneses, and it is suggested that mucoid degeneration of heart valves is a nonspecific tissue change and may result from many possible aetiological processes. 
